INTRODUCTION
Low energy i o n bombardment, introduced by Farnsworth e t a l . /1/ f o r cleaning s o l i d surfaces by s p u t t e r i n g c o n t r o l l e d by LEED, i s an usual technique nowadays. Side e f f e c t s a t t h i s cleaning procedure are "surface" damage and implanted species, which can be removed by annealing o f the c r y s t a l /I/. A survey o f the aspects o f sputter i n g i n surface analysis methods i s given by Wehner / 2 / . E f f e c t s caused by i o n bombardment studied w i t h e l l i p s o m e t r y have been published by several authors /3-5/. I n t h i s paper we describe the change o f t h e N i ( l l 0 ) surface a f t e r termination o f the low energy argon i o n bombardment. To get i n s i g h t i n t h i s change oxygen exposures have been performed before and a f t e r the observed change o f the n i c k e l surface. The measurements have been c a r r i e d out by e l l i p s o m e t r y and Auger e l e c t r o n spectroscopy (AES) .
EXPERIMENTAL
The experiments were performed i n a s t a i n l e s s s t e e l UHV system provided w i t h f a c i l i t i e s f o r AES/LEED and ellipsometry, as described elsewhere / 6 / . The e l l i p s om e t r i c measurements were performed w i t h a PSArotA e l l i p s o m e t e r a t a wavelength o f 632.8 nm by using a He-He laser. The time dependent e l l i p s o m e t r i c e f f e c t s were measured i n zone 1 ( f o r zone d e f i n i t i o n see r e f . /7/) and o n -l i n e r e g i s t e r e d . The s i n g l e c r y s t a l was c u t by spark erosion from a 5N n i c k e l rod (Iletal Crystals Ltd.) t o w i t h i n 0.5O o f the (110) o r i e n t a t i o n . The specimen was mechanically and electrochemically polished and subsequently mounted i n the sample holder. The surface was cleaned by several cycles o f argon i o n bombardment, oxygen exposure and annealing a t 740 K. The i o n bombardments were c a r r i e d out a t an argon gas pressure of 5 x T o r r w i t h an i o n energy o f 600 o r 1000 eV and an i o n c u r r e n t o f about 0.9 v~/cm2. The f o l l o w i n g successive steps can be d i s t i n g u i s h e d d u r i n g a measurement cycle: annealing the sample a t 740 K during 30 minutes and c o o l i n g down over 3 hours ( s t e p I ) , i o n bombardment (step 2), a time i n t e r v a l i n which a change i n the surface takes place (step 3), e x p o s i t i o n t o oxygen (step 4) and i o n bombardment (step 5).
Article published online by EDP Sciences and available at http://dx.doi.org/10.1051/jphyscol:19831093
The steps 2,3,4 and 5 were continued u n t i l an almost constant value o f the e l l i p s om e t r i c parameter A was reached. I f the oxygen e x p o s i t i o n i s performed d i r e c t l y a f t e r termination o f t h e bombardment we c a l l t h i s d i r e c t exposition, otherwise the t e r n i n d i r e c t e x p o s i t i o n i s used.
RESULTS AND DISCUSSION
The e l l i p s o m e t r i c parameter A shows an increase, w h i l e the change i n $ can be d i sregarded during step 2. The averaged maximum change i n A, reached w i t h i n 1.5 hours, appeared t o be 0.18O w i t h a standard d e v i a t i o n o f 2 0.060 over 25 cycles. W i t h i n the experimental e r r o r one could n o t d i s t i n g u i s h between bombardments w i t h ions o f 600 o r 1000 eV. Auger measurements show the removal o f oxygen and a small amount o f implanted argon. This probe gives no i n f o r m a t i o n about the presence o f oxygen i n t o the c r y s t a l , because the i n e l a s t i c mean f r e e path (IMFP) o f 515 eV Auger e l e c t r o n s i s about 10 8 /8/. The Auger and e l l i p s o m e t e r s i g n a l recorded d u r i n g step 3 a r e given i n F i g . 1. The d i f f e r e n t times i n which these s i g n a l s reach t h e i r s a t u r a t i o n values can be e x p l a ined by the d i f f e r e n c e i n IllFP o f 515 Auger electrons compared w i t h the penetration depth o f t h e l i g t h (% 250 1 f o r n i c k e l , i = 1.83). The change i n A could, besides by the increase o f the amount o f oxygen, be caused by the desorption o f the implanted argon and the rearrangement o f the damaged top l a y e r o f the c r y s t a l . Because the p e n e t r a t i o n depth o f the low energy ions a t grazing incidence i s i n t h e order o f a few layers, implanted argon desorbs e a s i l y /9/. I t i s known t h a t the damage t o metal c r y s t a l surfaces caused by noble gas i o n bombardment i s p a r t l y annealed out a t room temperature /2/. The change i n A d u r i n g step 4 i s given i n Fig. 2 . t o a constant value during the f i r s t 20 L oxygen exposition. The i n t e r a c t i o n o f oxygen w i t h n i c k e l surfaces has been i n v e s t i g a t e d by many authors using d i f f e r e n t surface techniques as LEED, RHEED, AES, EELS, X-ray emission, XPS, UPS and RBS. Our e l l i p s o m e t r i c i n v e s t i g a t i o n s w i l l be published i n d e t a i l elsewhere. The o x i d a t i o n o f t h e n i c k e l surface takes place i n two stages: a non-activated chemisorption stage followed by a nucleation o f an oxide d i sp l a y i n g a s a t u r a t i o n coverage, c f . M i t c h e l l e t a l . /lo/. The t r a n s i t i o n o f the two stages can be seen a l s o i n Fig. ? ., i t takes place i n the i n t e r v a l where the slope o f t h e curve changes temporarily ( a t about 5L). Because t h e t r a n s i t i o n o f the two stages coincides f o r d i r e c t and i n d i r e c t expos i t i o n i t can be concluded t h a t the amount o f oxygen measured a t t h e end o f step 3 i s present i n a d i f f e r e n t way than a t oxygen exposition. I t suggests t h a t the observed ox9gen increase takes place by d i f f u s i o n of oxygen from t h e b u l k t o F i g . 2 -The e l l i p s o m e t r i c e f f e c t i n A upon oxygen e x p o s i t i o n a t 2.5 x 1 0 -'~o r r .
Thecontinuousanddashed1inesrepreser;tdirect and i n d i r e c t e x p o s i t i o n r e s p e c t i v e l y . j u s t below t h e surface. Summarizing,we assume, a t the s t a r t o f step 3, a small amount o f oxygen i n the b u l k o f the c r y s t a l and a top l a y e r containing implanted argon. During t h i s step the argon desorbs and a new t o p l a y e r has been created, containing oxygen probably o r i g i n a t i n g from the bulk. d o n ' t absorb the l i g h t , however, t h e i n t e r a c t i o n of n i c k e l w i t h i n t e r s t i t i a l species could cause absorption. The r e s u l t s f o r these c a l c u l a t i o n s are given i n Figs. 3 and 4 as a function of the top l a y e r t h i c k n e s s d f o r d i f f e r e n t values o f f and a". Q u a n t i t a t i v e data o f the top l a y e r s can be determined on the b a s i s o f t h e assumedmodel by comparing t h e measured changes i n A and JI (-0.180 and 0 .OOo) w i t h the r e s u l t s i n
Figs. 3 and 4. A r a t h e r good agreement ' s obtained i f we assume a top l a y e r w i t h implanted argon w i t h a thickness o f 10 & where f = 0.05 and a'' = 0.5,which changes i n t o a t o p l a y e r wi t h i n t e r s t i t i a l oxygen w i t h a thickness o f 30 8 where f = 0.05 and a ' = 0. The corresponding c a l c u l a t e d e l l i p s o m e t r i c e f f e c t s i n A and $ are -0.14O and + 0.04O. The annealing e f f e c t a t room temperature on surface damage during t h i s process has been disregarded. Analogous c a l c u l a t i o n s have been performed on a model, where the i n t e r s t i t i a l oxygen atoms penetrate deeper i n t o the c r y s t a l under t h e i n f l u e n c e o f argon bombardment, w h i l e these atoms d i f f u s e back t o j u s t belou the surface a f t e r termin a t i o n of the bombardement. The c a l c u l a t i o n s , however, give an opposite effect i n A as I t has been measured. The thickness of the top layer a t the end of s t e p 3 can a l s o be calculated i n a d i f f e r e n t way. W e assume the same s p u t t e r i n g y i e l d f o r t h i s layer a s t e published ! ! value f o r nickel: 1.45 atoms/ion /2/. A dose of about 2 x 1016 ions/cm appeared necessary t o r e a l i z e an inverted s t e p 3 by ion bombardment. The calculated thickness of the sputtered layer of t h e Ni(ll0) surface based on these data i s 32 8, which i s i n a good agreement with the e a r l i e r calculated r e s u l t .
